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FUNCTIONAL PERFLUOROALKYL 
POLYHEDRAL OLIGOMERIC 

SILSESQUIOXANES (F-POSS): BUILDING 
BLOCKS FOR LOW SURFACE ENERGY 

MATERIA LS 

Sean M Rami,.e:, Yvonne Dia:, Timothy S. J laddad. and Joseph M. 
Alailry 

Fluorinated polyhedral oligomeric silscS'Iuiox,UlCS (F-I'OSS), H 
suhclass of POSS. were rl'cently synthesized and have proven to be 
an cxccllent low-surface energy male rial lor su~rhydrophohic and 
oleophobic surf3ccs. These F-I'OSS compounds consist ora silicon
oxide core wilh a pcriphcT)' of long chain nuorina!ed alk) I groups 
ranging from 6-12 carbon atoms in length. llerein. a disilanol 
pcrnuormllkyl polyhcdwl oligollh:ric silsc~qui()xanc (I'-POSS.(OI I)l) 
has heen S)111hcsizcd 1'((1 II \iahlc mulli.stcp sYl11hcsis (52% yield). 
These incompletely cOlldcs..:ncd ~(nH;t urcs w..:rc readily reacted with a 
variel)' of dichlorosiluncs It) produce functional !'-POSS structures_ 
Structures wcre conlinned \\ ith multinuclear I\MI{ ( I I-I. He. and 29Si) 
and round to posscs.~ ditTcn:nt solubility pro:,crtks compllred to lhc 
closcd,cllgc F·I'OSS. These no\e1 structures can he used as the 
initial building blocks for the development of Ilew superhydrophobic 
and o!cophobic materials. 
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H JJIo'CTIONAL PERi"LUOROALKYL POL YIU:ORAL OLIGOMERIC 
SILSESQUIOXANr.s ("'·POSS): RUI LDING BLOCKS FOR LOW 

SURFACE E:"ERGY MATERIAlS 

Sean M. Ramire;,' Yvunne Dla:.: Tim(Jlhy S. Haddad.' and Joseph M. Mab,y 

'ERe Inc., Ai r Forc~ Research Labofll.lory SpiKe & Missile Propulsion 
Division, Edward, Air Force Base, CA 93524·7680 

'Air Force Research Laboratory, Space & Missik Propulsion Divisinn, 
Edwards Air Fl.lree ~ase, CA 93524·7680 

IntroduCllolI 
Polyhedrul oligomeric silscsqllio~ lIl1c;; ( POS~ ). nnd tll .... ir dcril'Ulives. 

ha\'e received much imcft.'St as a class ur robu.1 nanometer·sif.cd bui ld ing. 
blocks fnr the develO[llllent of hi,gh perfomlance nmt,·ri al ,;.'·l A flul.lrintlled 
suh-l;lass, cl.lnsisting uf a series 1.11' long-l;hain fluorinated polyhedral 
oligomeric silscsquio:<lIlle {F·POSSI compounds has recomtly h<:en 
dc\·cluped."~ ThfSC F·POSS eumpounds consist of II silieun-oxidc core with II 
pcriphc:ry of loog chain Iluorinated alkyl groops mnging from 6·12 carbon 
otnm5 in knglh. Thl'Se c0l11poomls hUI',' pr0ven to be useful III the 
devdoplnCIlI and cn:ltlion (If low-surlbce cnerg, Illuterials,'" ClImnlly F· 
POSS is 1\ stlmdalune compound withuut al1Y rca~tive Chemical funct ionality. 
1'1.1 cireumn'nt the inefl nature uf tlltSC compounds, research has been 
perfurmcd on th( funclionalization of the (trifluofopropylhSi,Q,(OH)1 with 
other lonr chain fluorinated compounds to produce low surface energy 
materials. Although this synthetic strategy was succ(ssful, il was limited by 
thc short length of the trinuoropropyl ~roups on the trisilanol. To date, there 
has been no viable synthetic sUalegy for func tiol1al izabk long·chain si lnnol F· 
POSS compounds. 

Herein, usil1g a similar synthetic s tl1lt~gy to that developed by Feher and 
coworkers. we report a procedure to syn thesize incompletely condensed F· 
POSS cages.'· A dis ilanol pernoorualk)'1 polyht-dral uligum.:rie 
silscsquio.~al1e (I'·POSS-(OUh) and its subSC{juenl derivati, 'cs have been 
produced. This work reprcsents the first functionalizcd long-l;hoin F·POSS; 
these materials find applications in supcrhydrophobic/uleophubic coatings and 
low·surface energy mutcriuls, 

[xpt rimrnlll i 
~hltriab. F·POSS ( I ) was syntncsized using pn:"iously reported 

procedures.~ All dichlorosilanes were purchased from Ge!cst and used witllQut 
furth~r purification unless otherwise noted. All rea"iuns were performed 
under a nitrogen atmosphere unless otherwise noted. 

InSlrumrntlilion. ' II. "c, and l'Si NMR spceua were oblaintd on a 
Bruk(f 300-Mllz or 400-MHz s~trometer_ A hcleron uelear invenc galcd 
decoupling pul se sequence (NONOE) wi lh a 12 sec delay was used to IICq uin: 
19Si NMR spe"tra. 

Synthesis of (C Fj(CF,)'Cl I,CI I,).si,O, ,(OII), (2). Synthesis of 
compound 2 will be discussed in detail in future publications (520/. ). HSit 'H) 
NMR (CJ' .. 300 MHz) /) ·59.2. -65.0. -68.2 ( 1:1:2). Anal. Caled. for 
C.,H14FIJ"O uSi, (foolld): C, 23.94 (23.99), II . 0,85 (O.75), F, 64.44 (64.72). 

Gentral Synlh(sis of "·unclionlll F.PQSS Compounds. 
(CFj(CF,),CII,CII,),Si,Oll(OlSi{(C I11),Cll j),) (3). A sulutiun of (3.0 g, 
0.74 mmol). (2) di·n-octcadiehlorosilune (0.255 g. 0.74 mmu]) and NEt, (0.1 
mL. 1.48 lnlllol) was stirred for I hour. During this lime a white precipitate 
formed. This solution was fil tered and poured into ethyl acetate, at which 
time. a while solid precipitated (I) Th is solid was removed via filtratioo and 
the filtrate was eonC~lltruted , tllen dissolved in dicth )'1 ether and filtered. The 
filtrate wa.~ collectcd and cooled to ° ·C afiording a white precipitate. The 
precipitate was collected and dried under vacuum tu arford a whi te solid (3) 
( 1.4 g. 440/.). ' I I NMR (300 Mll7k (CD\CD:! )~O, ppm) /) 2.24 (1611), 1.56-1.20 
(32H), 5.87 I 15·1.5( 18!]) l' Sil ' l1} NMR (400 MHz, (CD,CQ,),Q. ppm) o· 
17.8. ·65 .4. -68.2, ·69.0 (1 :2:4:2). 

Resol lS and OiUlluion 
Synthesis of {C FJ{C I':),CH1Cll,hSiIOll(OHh. A mult i·step reaction 

procedure was developed to convtrt thc c]o,edo{;agt F· I'OSS (1) to an 
incompl~tdy condensed si lsesquioxanc structure (2). 111e first of thes( steps 
involves Op(ning II s ingle edge of the POSS structure with strung acid. ' llIe 

open edge is subsequently convert~d 10 a disilanul (ca. 's1%) VIa a sulfate 
bridge and aqueous work·up. 1be main side product from (ach ofthcse Sleps 
is COOlpound I. Elemental analysis and l'ISi NMR lI.'erc used to eonfirm the 
structure of 2, The HSi NMR for compound 2 (· 59,2, -65.0, -68.2) displayed a 
I~Si chemical shift ratiu of 1: 1 :2, which can be attributed to the C2v symmetry 
of the si lscsquiOXWle (Figure I). The peak at · 58,7 is attributed 11.1 the sillLrlOls 
on the POSS structure. This provilkd .:vidence for an open eag( structure. 

Sc/mllc I . S),l1Ihesls of dislfanol F·POSS 

Syll thuis of (CF,(Ct' ,),CH1CIJ,),Si, Oll{O,Si( R,)(R1)). The 
incompletely condenscd si lscsquioxane (2) can be readily reacted with a 
variety o f diehlorosilanes ($cherne 2). Thc reaction of 2 with di·,,· 
oetcadichlorosi lane in the pr(scnce of triethylamine produced compound 3 
(ca. 44%). The main side product isolated during reaction was the initial 
starting material I. Multinuclear NMR (, H, 19Si) was used to cOl1firm the 
structure of 3. The 19Si peaks I\'ere at ·17.8, -65.4, -68,2, and -69.0, with a 
rat io of I :2:4:2 (Figure I). '11I( peak at ·17.8 ppm can be attribu\t-d to the Si 
wilh the dioetyl groop alt.ached. To demonstratc the robusUlCSS of the edge 
closing reaction other di chloros ilanes were reacted with 2 to produce 
cumpounds 4·5. Dichorosilanes with alkyl and arumatic groups were chosen 
to evaluate the cllemical robustness of 2. All of these compounds were 
confirmed with multinuclear NMR ('H, " Si). 

R, R1 

l -<CH2),cH) -<CH,:),cH3 

• -CH3 -<C~l2zCHl 

S -e.Hs .CtH$ 

Schl!mc 1. f»71IIIl'~IS oljimcl/()II(lli:cd F·I'OSS. 

Solubilil)' or (CFj(CF,j,ClI1CH,)Si. O,,(OlSi(R,)(R,) compounds. 
Although the large amount of nuorin1ltcd alkyl chains 00 I result in desirable 
propct'ties and low surface en~'fg)'. Ihis also restricts the solvent choice for I to 
fluorinated soh'(nlS. Intco:stingl),. oocc 11 non·fluorinated scgmem is added to 
1m edge uf "·POSS. the solubility propert ies uf F·roSS ChMgc dramaticully, 
For example. thc long hydf()<;llfbon chains prc,,,n! in cnmpound 3 und .j 

expand tlle "·POSS solubility 11.1 llOIl·tluorinated solvel1ts such as d,ethyl 
ether. Compound" demonstrJt~-d thal unsymmetrical diehloros ilancs could 
easily be attnched tu a POSS eag..... Thc long fl exible chains fOl' these 
molecules aided in rendering F·POSS soluble in noo·nuorinulcd ",01\,ent5. 
Ilo\\e\'er group~ such as II phenyl (II) were not able to improve th~ sulubility 
of [,·POSS. This can be <llt ri b\lled tu the stifTnes,; of the two phenyl gmups \In 
the POSS caGe. We ~rc ellm:mly d""e1oping othel modifkd " · POSS 
structures. 

Distribu tiol1 A. Approved fur public release, distribut inn unlimited. 
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Conclusions 
The synthesis of disilanol F-J'OSS froOl F·POSS was accomplish.:d in a 

lhfte sto::p reaction process. This incompletely condensed ross structure was 
d~monstrated to be rcactive towards dichlorosilancs to produce a variety of 
functional I'·POSS structures, These novel structures can be used as the 
initial building blocks for the dcvdopmcnt of new superhydrophobic and 
oleophohic materials 
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